Infection by N-or B-tropic murine sarcoma virus (MSV) 'pseudotypes' in the presence of murine leukaemia virus (MLV) of the opposite tropism to nonpermissive cells of the MSV resulted in about a loo-to IOOO-fold increase of focus formation in comparison with MSV solitary infection. The culture fluid of such mixedly infected cells contained MSV 'pseudotypes' whose tropism was identical to that of MLV.
INTRODUCTION
Infectious murine sarcoma virus (MSV) was rescued by murine leukaemia virus (MLV) from hamster cells (Huebner et aL I966; Hartley, Rowe & Huebner, I97o) and mouse cells (Bassin, Tuttle & Fischinger, I97o) cryptically infected with MSV. The antigenic properties (Huebner et al. ~966 ) and host range (Harfley et al. t97o ) of MSV were reportedly determined by the MLV used for the rescue. In this sense, the rescued virus was called a 'pseudotype'.
However, in most systems the MSV focus formation depends upon the replication of helper MLV (Hartley & Rowe, I966) ; without MLV, MSV will not form loci. It has been reported that the host range of MLV was not related to the serotype (Hartley et al. I97O) ; it may not be the coat character of MSV which determines the host range of MSV ' pseudotypes'. Therefore it is possible that MSV has no strict host-range specificity, but it is helper MLV which actually determines the apparent host range of MSV 'pseudotypes'. This report deals with this possibility.
METHODS
Virus. Friend leukaemia virus (FLV) preparation was the culture fluid of the MLg42FV 13 I cell line (Yoshikura et al. I967) . WNI8o2B virus was kindly sent to our laboratory by Dr W. P. Rowe, National Institute of Allergy and Infectious Diseases, National Institute of Health, U.S.A., and propagated in YH-7 cells. The former is N-tropic, and the latter a B-tropic MLV strain (Hartley et al. I97o) .
Cells. The S+L-cell line, CI82, which contains sarcoma genome but not leukaemia genome (Bassin et al. I97o ) was sent to our laboratory by Dr Ikawa of National Cancer Institute, U.S.A. The XC cell line was obtained by the courtesy of Dr W. P. Rowe. The C3H2K and YH-7 cell lines were obtained from Miss Yasuko Hirokawa, Department of Pathology, National Institute of Health, Tokyo; the former originated from the kidney tissues of a C3H/He mouse (Yoshikura & Hirokawa, I968) , and the latter from the lung tissues of a C57BL/6 mouse.
The culture medium employed consisted of 9 parts autoclavable modified Eagle's MEM (Nissui Seiyaku Co. Ltd.) and I part calf serum, inactivated by heating at 56 °C for 30 rain.
Titration. The cells were inoculated into 60 mm glass Petri dishes (I-5 x Io 5 cells per dish). On the next day, the cells were exposed to o'5 ml inoculum for 2 h, then 4 ml culture medium were added to each dish. Transformed loci were counted with an inverted microscope at 7 to 8 d in the case of C3H2K cells, and at 4 to 5 d in the case of YH-7 cells. The development of foci was more rapid in the YH-7 cells than in the C3H2K cells, and the YH-7 cell cultures degraded if incubated longer than 6 d. Three dishes were used for obtaining one point throughout the experiments.
RESULTS

Preparation of MSV ' pseudotypes'
Laboratory mice generally belong to one of two types -N and B. MLV which grows preferentially in N type cells is called N-tropic MLV, and MLV which grows preferentially in B type cells is called B-tropic MLV. MLV which grows in both types of cells with similar efficiency is called NB-tropic MLV (Hartley et al. I97o; Pincus, Hartley & Rowe, I97I) .
S+L-
cell line (Bassinet al. I97o) contains the sarcoma genome but not the leukaemia genome, and when cells are infected with MLV they give rise to 'lytic plaques' which resemble transformed foci produced by MSV-MLV in normal mouse cells, MSV being released at the same time (Bassinet al. I97o; Peebles et al. I97I) . This cell line was used to obtain MSV 'pseudotypes', and FLV and WNI 8o2B virus were used as the N-and B-tropic viruses, respectively. S+L-cells were infected with FLV at a dose of about Io 4 p.f.u./dish (as assayed on S + L-cells). On the sixth day the cells were subcultured and the culture fluid was harvested 2 d later, when the cells were confluently transformed. The culture fluid was frozen at -80 °C until used. The titration pattern of one batch of such samples is shown in Fig. I A and it can be seen that the C3H2K cells were more than iooo-fold more sensitive to this stock than YH-7 cells. As the C3H2K cell line originated from an N-type C3H/He mouse, and the YH-7 cells from a B type C57BL/6 mouse, this MSV stock is considered as N-tropic and designated as MSV(FLV).
cells were infected with WNI8o2B virus; the inoculum contained about Io ~ p.f.u./dish (as assayed on YH-7 cells by the UV-XC procedure (Rowe, Pugh & Hartley, I97o) ). About ten microscopically visible plaques appeared -these plaques were smaller than those obtained by FLV. The cultures were subcultured twice at 5 d intervals and the final culture fluid was used to infect YH-7 cells. Only seven to ten foci appeared per dish even with undiluted culture fluid. The infected YH-7 cells were subcultured twice at 3 d intervals and the culture became conttuently transformed. The culture fluid was harvested and frozen at -8o °C till use. The titration pattern of one lot of such a preparation is shown in Fig. I B, and it can be seen that the YH-7 cells were about Ioo-fold more sensitive to this stock than the C3HzK cells. This stock is B-tropic, and designated as MSV(WNI 8o2B).
Enhancement of focus-formation in non-permissive cells by co-infection with MLV to which the host cells are permissive
The infection of non-permissive cells by MSV 'pseudotypes' in the presence of MLV of the opposite tropism was examined. MSV(FLV) was serially diluted with WNI8o2B virus 0o 4 p.f.u./ml as assayed on YH-7 cells), and titrated on YH-7 cells. one-hit kinetics. If, however, MSV(FLV) and WNI8o2B were mixed first, and then serially diluted with medium, the kinetics were two-hit (Fig. ~ A) . This indicated that co-infection with MSV(FLV) and WN~8o2B was required for focus formation in YH-7 cells by the former. Co-infection of C3HzK cells with MSV(WNI8ozB) and FLV resulted in about Ioo-fold increase of focus formation in comparison with MSV(WNI 8o2B) solitary infection (Fig. I B) .
Co-infection of C3H2K cells with MSV(FLV) and FLV, or co-infection of YH-7 cells with MSV(WNI8o2B) and WNI8o2B, resulted in 2-to 5-fold increase of focus-formation in comparison with MSV(FLV) or MSV(WNI8o2B) solitary infection (Tables I and 2 ).
Stability of the tropism of the MSV-MLV complex produced by cells co-infected with MSV 'pseudotypes' and MLV, the cells being non-permissive to the former and permissive to the latter
YH-7 cells infected with the lowest dilution of MSV(FLV) and WNI8ozB (see Fig. I A) were subcultured twice, at 3 d intervals; the cells became confluently transformed. The culture fluid (first passage) was assayed on YH-7 and C3HzK cells and it was found that the YH-7 cells were far more sensitive to this stock than C3HzK cells. Thus, N-tropic MSV was converted to B-tropic MSV. The YH-7 cells infected with the undiluted culture fluid of the first passage were subcultured twice at 3 d intervals, and the culture fluid was assayed again. This second passage, and also the third passage culture fluid obtained in a similar manner, were B-tropic ( Fig. 2A) .
In Fig. eB the titration pattern of the first passage culture fluid of C3H2K cells infected with MSV(WNISo2B) and FLV is shown and conversion of B-tropic MSV to N-tropic MSV was observed.
As a control, YH-7 cells were infected with N-tropic MSV(FLV) alone. Only a few foci appeared, but after two successive subcultures, the cultures became confluently transformed. The culture fluid was assayed on C3H2K and YH-7 cells. Since C3H2K cells were more sensitive to this preparation (first passage) than YH-7 cells, the tropism of MSV remained N (Fig. 3) -The infected YH-7 cells, though only a few foci appeared in the culture, were subcultured twice at 3 d intervals and the culture became confluently transformed. The culture fluids of the second and third passage (obtained in a similar manner) produced nearly equal number of foci on C3H2K and YH-7 cells. As both the culture fluids of infected YH-7 cells and that of infected C3H2K cells produced about equal number of foci on both C3H2K and YH-7 cells, when the culture fluids of the second or third passage were assayed again, the host range conversion observed here is considered as the conversion from N to NB tropism. If the second or third passage had been a mixture of N-and B-tropic viruses, the culture fluid of the C3H2K cells infected with the culture fluid of the infected YH-7 cells would have produced far less loci in YH-7 cells than in C3H2K cells. 
Timing of MLV infection
In the experiments described above, the cells were simultaneously infected with MLV and MSV 'pseudotypes'. It was found that infection of the cells with MLV I d before or even I d after MSV infection was effective in enhancing the MSV focus-formation in the cells non-permissive to MSV.
One group of YH-7 cell cultures was infected with WNI8ozB virus (IO ~ p.f.u./dish as assayed on YH-7 cells), and on the next day the cultures were infected with MSV(FLV). A second sample of the cultures was first infected with MSV(FLV) and on the next day the cells were infected with WNI 8o2B virus. A third set of YH-7 cell cultures were infected with MSV(FLV) and VV"NI8o2B simultaneously. A fourth set of cultures were infected with MSV(FLV) alone. As shown in Table I , the enhancement of focus-formation was effective whether the cells were infected with WNzSo2B virus I d before, I d after, or simultaneously with MSV(FLV) infection. Similar results were obtained with co-infection of MSV (WNI8ozB) and FLV in C3H2K cells (Table 2 ).
Interference
The finding that infection with MLV i d before MSV infection resulted in the enhancement of MSV focus-formation in non-permissive cells does not necessarily indicate the absence of interference of the MLV with the MSV ' pseudotypes'.
YH-7 cells persistently infected with WNI8o2B virus, YH-7 cells persistently infected with BALB/c mouse-adapted NB-tropic FLV (T. Odaka, unpublished data), and uninfected Table 3 , focus-formation was completely suppressed in both the infected YH-7 cells. It should be noted that B-tropic WNI8o2B virus interfered with not only B-tropic MSV(WNI8oeB) but also N-tropic MSV(FLV).
DISCUSSION
The results suggest that MSV 'pseudotypes' rescued from S + L-cells have no strict host-range specificity. What determines the host range of MSV is co-infecting MLV. If the host range of MSV ' pseudotypes' were solely determined by the envelope, the MSV would not have infected the non-permissive cells with such an efficiency even if the cells were later infected with MLV. Thus, MSV 'pseudotypes' infect the non-permissive cells about I oo-fold more efficiently than it appears, and owing to the lack of MLV which can replicate successfully in the host, the MSV does not replicate any further. Therefore, even if the MSV 'pseudotype' particles are coated with the envelope of MLV, it is not the envelope which determines the host range of MSV 'pseudotypes'. This conclusion is consistent with the observation that the host range of MLV is not a function of serotype which is determined by the envelope character (Hartley et al. 197o) . At the same time, we cannot exclude the possibility that the function supplied by MLV to defective MSV is not the conferment of virus envelope, but other functions, such as machinery essential for replication of MSV nucleic acids.
Finally, the host-range conversion reported here is probably not brought about by genotype mixing or recombination, but by exchange of helper MLV of the different tropism.
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